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Abstract 
We propose an optical wireless communication 
network architecture employing an all-optical central 
communication unit and optical transceiver units. The 
network can easily be installed when communication 
network facilities are partially damaged by a disaster. 
The network performance is simulated at 1Gbit/s, over 
1km under different weather conditions.  
1. Introduction 
Over the past decade, the world has witnessed 
series of natural and man-made disasters such as the 
Katrina storm (New Orleans, USA), Tsunami (Asia), 
and Twin-Tower bombing (New York, September the 
11
th
).
Just after a disastrous event, the partial damage of 
existing communications terminals, servers, network 
equipment, and transmission lines prevents effective 
rescue and network restoration operations. Satellite 
communications have been used for natural disasters 
[1]-[4]. However, experience has shown that satellite 
systems suffer from overloading in areas where 
disaster relief efforts are underway and that links via 
satellite are not immune to the impact of 
extraterrestrial natural events. Wireless communication 
networks have also been deployed in disasters and are 
currently considered the most reliable and flexible 
communications means for disastrous events, owing to 
their [5],[6]. 
On the other hand, wireless optical communication 
networks offer a number of potential advantages over 
similar radio communications, including broad 
operation bandwidth (Gbit/s), immunity to interference 
and jamming, and low cost [7]-[9].  
In this paper, we propose a wireless optical 
communications network consisting of a main hop 
connecting several nodes utilising broadband free-
space optical transceivers that can easily be installed 
when the network and computing facilities are partially 
damaged by a disaster. This system is adaptive, high-
capacity (multi-GHz bandwidth), license-free, and can 
provide short- and long-distance communications. A 
short distance bi-directional multimedia wireless 
optical network can be implemented between the 
disaster information centre and the evacuation places 
for cooperation with fire defense, health services, and 
police, while a long distance network is linked to the 
nearest Internet server and telephone exchanger to 
restore telecommunication services for offices and 
houses affected the disaster. The proposed wireless 
optical communication network is simulated at 1Gbit/s, 
over 1km, and results show the BER performance 
under different weather conditions. 
2. Advantages of Wireless Optical 
Communications 
Wireless optical communication (WOC) have 
emerged in recent years as an attractive alternative to 
the conventional radio frequency (RF) approach  
making the connectivity possible between high-rise 
buildings and metropolitan and intercity 
communication infrastructures. WOC provides point-
to-point line-of-sight (LOS) links high bandwidth 
communications between two remote sites. Optical 
data are transmitted by modulating a laser light in a 
fashion similar to fiber-optic transmission except that 
instead of the light being guided within a glass fibre, 
the light is transmitted through the atmosphere between 
the transmitter and the receiver. This usually requires 
that the transmitter and receiver are precisely aligned 
[10] and maintained by a tracking and pointing system. 
However, a significant difference between free-space 
transmission and fibre-optic transmission is the 
predictability of the attenuation of optical fibres in 
comparison to the unpredictable atmospheric 
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attenuation. For example, the atmospheric attenuation 
can vary from 0.2 dB/km in exceptionally clear 
weather conditions to a few hundreds of dB/km in a 
very dense foggy weather. This includes effects such as 
medium attenuation, scattering, and scintillation, which 
can reduce the link availability and degrade the burst 
error [11]. Therefore, in designing an optical wireless 
link it is always desirable that the transmitter power 
can be adjusted to compensate for the weather-
dependent propagation loss. 
3. Proposed WOC Architecture 
Natural catastrophes such as floods, earthquakes, 
and hurricanes, and man-made terrorism, can create 
widespread devastation and communication with 
outside world can be totally destroyed. Disaster 
response and recovery require timely interaction and 
coordination in order to save lives, where the 
communication infrastructure is no longer operational. 
An important role in this effort must be played by a 
reliable, high bandwidth, license free and easy to 
construct wireless communication network. 
Figure 1 shows the proposed wireless optical 
communications architecture, which provides two 
types of communication services, namely: 
1. Short distance communications between the 
Disaster Information Centre and the evacuation 
areas constructed using an all-optical central 
unit linked to many optical transceivers, 
whereby the Disaster Information Centre 
gathers and multicasts information from/to the 
evacuation areas and cooperates with the fire 
defense, hospitals, and the police. 
2. Long distance communications for restoration 
of telecommunication services between the 
disaster area and the telephone network 
infrastructure. 
A line-of-sight (LOS) wireless optical 
communications link is implemented using a telescope-
like transceiver operating at 1550 nm, as shown in 
Figure 2. The optical transmitter transmits coded voice 
and data streams using on off keying (OOK) 
modulation. The optical receiver uses an optical 
bandpass filter to block most of the background light. 
The received optical signal is amplified by an optical 
amplifier and filtered by an optical bandpass filter 
before it is detected by avalanche photodetector 
(APD). The photodetected signal is demodulated and 
the data is recovered using standard electronic signal 
processing.   
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Figure1. Proposed wireless optical 
communications architecture 
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Figure 2. Wireless optical transceiver architecture
An optically-transparent central distribution unit, 
shown in Figure 3, is deployed to receive optical 
signals from an LOS transceiver and route them to a 
local transceiver terminal for subsequent distribution to 
another remote LOS transceiver unit. An optical signal 
received by the central distribution unit is optically 
filtered before it is coupled into a single-mode fibre 
using an optical fibre concentrator. Then, the signal is 
amplified, filtered again, and equally split into all 
transceiver terminals for subsequent multicasting to the 
LOS nodes. The optical signal is amplified before it 
leaves the distribution unit to compensate for the 
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splitting loss and the optical losses of the various 
components. 
lens
collimator
O. F O. A
O. A
O. F
O. A O. F
O. A
O. F
O.A
O.A
O.A
O.A
O.A
O. F
Optical Amplifier
Optical Filter
Circulator
Coupler
Splitter
Splitter Splitter
Splitter
Coupler
Coupler
Coupler
Bandpass optical filter
Figure 3. Central distribution unit architecture. 
4. Simulation results 
The OptiSystem software simulation package has 
been used to prove the concepts of the proposed 
wireless optical communication network architecture. 
The network is simulated using Non-Return to Zero 
On-Off Keyed (NRZ-OOK) 1Gb/s 1550nm laser 
transmitters for free-space communications over 1 km 
span. The attenuations corresponding to different 
weather conditions are shown in Table 1, and the 
power budget for a clear weather condition is shown in 
Table 2. 
Table1. Attenuation for various weather conditions 
Weather condition Attenuation (dB/km) 
Clear weather 1 
 Rain 5 
Snow 20 
Fog 100 
Table 2. Power budget 
Laser output bower 20dBm 
Tx optics loss 6dB 
Distribution Node loss 6dB 
Rx coupling loss 4dB 
Attenuation loss 1 dB (clear weather) 
Received power 3dBm 
Figure 4 shows the bit error rate (BER) versus the 
received optical power at the destination, under 
different weather conditions. The input transmitted 
power was assumed to be +20 dBm. Also shown are 
the eyes diagrams corresponding to different weather 
conditions. An Avalanche Photodetector (APD) was 
used in the simulation, which has bandwidth of 11 
GHz and a responsivity 0.92 A/W.  
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Figure 4. BER versus received power for different 
weather conditions. 
It is evident from Figure 4 that the highest 
performance can be achieved during clear weather 
conditions, where an optical power of 3dBm is 
received leading to a BER of 10
-12
. For rain conditions, 
the received power is -1 dBm and the maximum 
attained BER is 10
-10
. For snow conditions, an 
acceptable BER performance of 10
-9
 can be attained.  
However, the performance is dramatically degraded in 
fog conditions; a BER of only 10
-3
 can be achieved. 
Figure 5 shows the BER versus the transmitted 
optical power for different weather conditions 
(attenuations).  To achieve a BER of 10
-9
, the 
transmitted powers for a clear, rainy and snowy 
weathers are 15, 20, 30 dBm, respectively, whereas it 
is difficult to achieve it in foggy conditions. This 
transmitted power is impractical and limits the use of 
the proposed wireless optical communication networks 
to adequate weather conditions. 
To overcome the limitations of the network in fog 
conditions, a hybrid RF/WOC can be employed, where 
RF links are established at slightly lower data rates in 
fog-obscured conditions (when FSO links fail). 
In addition, by implementing a tracking system to 
maintain continuous alignment between the transmitter 
and the receiver the coupling loss can significantly be 
reduced. 
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Figure 5. BER versus transmitted power for 
different weather conditions. 
5. Conclusion 
We have proposed optical wireless communication 
system architecture constructed using an all-optical 
central unit and optical transceivers, that can easily 
installed when the communication network facilities 
are partially damaged by a disaster. We have compared 
the system performance under different weather 
conditions. The system was simulated at 1Gbit/s, over 
1km.  
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